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I n t r o d u c t i o n  

The o p e r a t i n g  cost of a f u e l  c e l l  power p l a n t  is d e t e r m i n e d  
p r i m a r i l y  by t h e  cost o f  t h e  f u e l .  A l though  hydrogen  is g e n e r a l l y  
more e x p e n s i v e  t h a n  me thano l  or p ropane ,  t h e r e  are a number o f  s i t u a -  
t i o n s  i n  which  f u e l  c e l l s  o p e r a t i n g  on  hydrogen  could be economica l .  
An example o f  t h i s  is t h e  o n - t h e - s i t e  f u e l  c e l l  o x i d a t i o n  o f  by-product  
hydrogen  o b t a i n e d  from commerc ia l  p r o c e s s e s  s u c h  as the  e l e c t r o l y t i c  
p r o d u c t i o n  o f  c h l o r i n e .  A i r  w o u l d  be u s e d  as t h e  o x i d a n t .  

One o f  the  p r i n c i p a l  i t e m s  which  a f f e c t s  the c a p i t a l  cost  of t h e  
f u e l  cel l  power p l a n t  itself is t h e  cost o f  t h e  anode  and  c a t h o d e  
c a t a l y s t s .  
d e s c r i b e d  i n  t h e  l i t e r a t u r e  have employed n o b l e  metals s u c h  as p l a t i n u m  
and  p a l l a d i u m .  These  metals are e x p e n s i v e ,  and  some q u e s t i o n  has been  
ra ised r e g a r d i n g  a n  a d e q u a t e  n a t u r a l  abundance  o f  the e l e m e n t s  ( 1 ) .  

The m a j o r i t y  o f  t h e  ambien t  t e m p e r a t u r e  H2/02 f u e l  c e l l s  

T h e r e  are t w o  a l t e r n a t i v e s  t o  d e v e l o p i n g  i n e x p e n s i v e  c a t a l y s t -  
a n o d e s ,  e i t h e r  r e d u c e  t h e  amounts o f  the  n o b l e  m e t a l  c a t a l y s t  on t h e  
electrode t o  a b o u t  1 mg/in2 of electrode, or employ less e x p e n s i v e  
non-noble m e t a l  c a t a l y s t s .  

The l a t te r  a p p r o a c h  h a s  been  f o l l o w e d  f o r  s x a m p l e ,  by E. J u s t i  ( 2 ) ,  
who s u c c e s s f u l l y  c o n s t r u c t e d  hydrogen  a n o d e s  s t a r t i n g  w i t h  the Raney 
a l l o y  ( N i 2 A 1 3 ) .  It would a p p e a r ,  however,  t h a t  t h e  economic advan tage  
o f  employing  r e l a t i v e l y  i n e x p e n s i v e  metals, n i c k e l  a n d  aluminum, is 
more t h a n  b a l a n c e d  by t h e  r e l a t i v e l y  i n v o l v e d ,  and hence  c o s t l y ,  p ro-  
c e d u r e  o f  electrode p r e p a r a t i o n .  Fu r the rmore ,  t h e  p rob lems  i n  a d a p t i n g  
t h e s e  p r o c e d u r e s  t o  t h e  p r e p a r a t i o n  o f  large e l e c t r o d e s  f o r  t h e  c o n s t r u c -  
t i o n  o f  f u e l  c e l l  power p l a n t s  may l i m i t  the a p p l i c a t i o n s  o f  t h i s  
c a t a l y s t .  

n o b l e  m e t a l ,  hydrogen  anode  c a t a l y s t ,  n i c k e l  b o r i d e ,  (3f T h i s  material  
is r e l a t i v e l y  i n e x p e n s i v e  and is e a s i l y  s y n t h e s i z e d  i n  t h e  form o f  a n  
electrode. 

These  problems are n o t  s i g n i f i c a n t  w i t h  the u s e  o a new, non- 

The p r o p e r t i e s  o f  n i c k e l  b o r i d e  as a n  anode  i n  t he  hydraz ine /02  
c e l l  a n d  the pBX4/O2 c e l l  have  been  d i s c u s s e d  e l s e w h e r e  ( 4 , 5 ) .  
was shown t h a t  fo r  these ce l l s ,  t h e  n i c k e l  b o r i d e  c a t a l y s t - a n o d e s  
were a p p r o x i m a t e l y  0.1 v o l t  more e f f e c t i v e  f o r  t h e  direct  f u e l  c e l l  
o x i d a t i o n  o f  N2H4 and  KBH4 t h a n  a p a l l a d i u m  c a t a l y s t .  

d i s c u s s e d  o n l y  b r i e f l y  i n  t h e  l i t e r a t u r e .  N i c k e l  b o r i d e  has been  
r e p o r t e d  t o  be s u p e r i o r  i n  c a t a l y s t  a c t i v i t y  t o  Raney n i c k e l ,  and  more 
r e s i s t a n t  t o  f a t i g u e  i n  t h e  h y d r o g e n a t i o n  o f  s a f r o l e ,  f u r f u r a l  and  
b e n z o n i t r i l e  (6). Some o f  t h e  p r o p e r t i e s  o f  t h i s  material have  a lso 
b e e n  d e s c r i b e d  i n  t h e  Russ i an  l i t e r a t u r e  ( 7 ) .  More r e c e n t l y ,  H. Brown 
has d i s c u s s e d  t he  h y d r o g e n a t i o n  of o l e f i n s  by n i c k e l  boride (8).  

I t  

The chemica l  h y d r o g e n a t i o n  p r o p e r t i e s  o f  t h i s  ca ta lys t  have been  
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N i c k e l  b o r i d e  c a n  be formed by h e a t i n g  n i c k e l  o x i d e  t o  700- 
lO0O'C i n  a s t r e a m  of BCl3 and I12 (9). 
i n v o l v e s  e l e c t r o l y s i s  of n i c k e l  o x i d e  " d i s s o l v e d  i n  v a r i a b l e  q u a n t i -  
t ies  o f  a l k a l i  tetraborates" (10). The compound c a n  a l s o  be formed 
d i r e c t l y  from t h e  e l e m e n t s  by d i f f u s i n g  powdered bo ron  i n t o  the 
r e d u c e d  n i c k e l  ( 1 1 ) .  However, t h e  most c o n v e n i e n t  method h a s  been  
t h a t  deve loped  by H .  S c h l e s i n g e r  (12 )  i n  which N i 2 B  is formed by 
combining  s o l u t i o n s  o f  p o t a s s i u m  b o r o h y d r i d e  and  a n i c k e l  s a l t .  

Another  method o f  p r e p a r a t i o n  

Chemiso rp t ion  P o r p e r t  i e s  

N i c k e l  b o r i d e ,  p r e p a r e d  by t h e  S c h l e s i n g e r  method, is formed i n  
a n  a tmosphe re  of hydrogen ,  produced  by the decompos i t ion  o f  t he  excess 
KEiQ on the  c a t a l y s t  s u r f a c e .  As a r e s u l t ,  t h e r e  is a c o n s i d e r a b l e  
q u a n t i t y  o f  H2 chemiso rbed  on t h e  m a t e r i a l  so t h a t  i n  some cases i t  
may b e  p y r o p h o r i c .  H o w e v e r  no d i f f i c u l t y  was e x p e r i e n c e d  i n  h a n d l i n g  
t h e  e l e c t r o d e s .  

The c h e m i s o r p t i o n  o f  hydrogen  on  n i c k e l  b o r i d e  was s t u d i e d  as  a 
f u n c t i o n  o f  t e m p e r a t u r e .  (The sample  employed i n  t h e s e  e x p e r i m e n t s  
had  a s u r f a c e  area o f  15 mZ/gm, as d e t e r m i n e d  from t h e  p h y s i c a l  
a d s o r p t i o n  o f  n i t r o g e n  at - 1 9 6 O C . l  Adsorbed hydrogen was removed by 
e v a c u a t i n g  t h e  sample  a t  2 0 O O C  t o  a p r e s s u r e  of less t h a n  one  mic ron .  
A s  w i l l  be shown below, h e a t i n g  a t  t h i s  t e m p e r a t u r e  h a s  o n l y  a minor 
e f f e c t  on  s u r f a c e  area. The r e s u l t s  a r e  summarized i n  T a b l e  I for  
t h e  a d s o r p t i o n  of hydrogen  at  a p r e s s u r e  o f  one  a tmosphe re .  

TABLE I 

A d s o r p t i o n  o f  H2 on  Ni2B 

Tempera ture  

-196OC 
O 0  

25-  
150' 
275' 

Volume Adsorbed (STP) 
(cc /gram) 

0.6 
3.5 
3 . 4  
3.2 
2 .3  

The volume o f  n i t r o g e n  r e q u i r e d  to  form a p h y s i c a l l y  a d s o r b e d  
monolayer  on t h i s  s ample  was 3.5 cc/gram. 
a t  room t e m p e r a t u r e  c o r r e s p o n d s  v e r y  c l o s e l y  t o  a monolayer .  

The v a r i a t i o n  o f  t h e  q u a n t i t y  o f  hydrogen adso rbed  w i t h  t empera -  
t u r e ,  as shown i n  T a b l e  I, is c h a r a c t e r i s t i c  o f  a c t i v a t e d  a d s o r p t i o n .  
A t  -196'C, t h e  hydrogen h a s  i n s u f f i c i e n t  e n e r g y  t o  overcome the e n e r g y  
b a r r i e r  for a d s o r p t i o n .  A t  t h e  h i g h e r  t e m p e r a t u r e s ,  (275') t h e r e  is  
s u f f i c i e n t  ene rgy  t o  b r e a k  t h e  chemica l  bonds  h o l d i n g  t h e  hydrogen  t o  
the  s u r f a c e  of t h e  s o l i d  a n d  t h e  q u a n t i t y  .of g a s  adsorbed decreases. 

A b r i e f  s t u d y  w a s  a l so  made of t h e  p h y s i c a l  s t r u c t u r e  o f  t h e  
c a t a l y s t  as a f u n c t i o n  o f  s i n t e r i n g  t e m p e r a t u r e .  
was h e a t e d  under vacuum t o  a r a n g e  of s u c c e s s i v e l y  h i g h e r  t e m p e r a t u r e s .  
The s u r f a c e  area o f  t h e  s a m p l e  was d e t e r m i n e d  between h e a t  t r e a t m e n t s  
f rom t h e  N2 a d s o r p t i o n  i s o t h e r m .  

Thus t h e  a d s o r p t i o n  o f  H2 

A sample  o f  N i 2 B  

1 
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The sample  w a s  f i r s t  degassed  at  ambient  t e m p e r a t u r e  u n t i l  a 

The boride w a s  t h e n  h e a t e d  under  vacuum t o  200OC and 

c o n s t a n t  p r e s s u r e  of less t h a n  one mic ron  w a s  reached. A n i t r o g e n  
a d s o r p t i o n  isotherm, measured  a t  -195'C, i n d i c a t e d  a s u r f a c e  area Of 
2 2 . 5  m2/gm. 
h e l d  at  a p r e s s u r e  o f  less t h a n  one mic ron  f o r  f o u r  h o u r s .  A s e c o n d  

, n i t r o g e n  i s o t h e r m  i n d i c a t e d  a s u r f a c e  area of 21.3 m2/gm. 
crease is s m a l l ,  i n d i c a t i n g  l i t t l e ,  i f  any ,  s i n t e r i n g  o f  t h e  n i c k e l  
b o r i d e .  Next, t h e  sample  w a s  h e a t e d  t o  35OoC f o r  17-1/2 h o u r s  at a 
p r e s s u r e  o f  less t h a n  one  mic ron .  The s u r f a c e  area d ropped  t o  13.3 
m2/gm. 
f i n a l  s u r f a c e  area w a s  6.38 m2/gm. 

The de- 

F i n a l l y  the sample  w a s  h e a t e d  t o  475'C f o r  2-1/2 h o u r s .  The 
T h i s  d a t a  is p l o t t e d  i n  F i g u r e  1. 

Very l i t t l e  c h e m i s o r p t i o n  o f  hydrogen  w a s  n o t e d  o n  t h e  Ni2B 
sample  a f t e r  s i n t e r i n g  a t  350 'C.  
t h e  hydrogen isotherm measured .  A f t e r  e v a c u a t i n g  t o  a p r e s s u r e  of 
<1p a t  t h i s  t e m p e r a t u r e  t o  remove o n l y  p h y s i c a l l y  a d s o r b e d  hydrogen ,  
a n o t h e r  hydrogen  i s o t h e r m  was measured .  The two i s o t h e r m s  were 
i d e n t i c a l ,  i n d i c a t i n g  a t  most, weakly adso rbed  hydrogen .  T h i s  l o s s  
o f  a c t i v e  a d s o r p t i o n  s i t e s  on  s i n t e r i n g  is conf i rmed  by  electro- 
chemica l  d a t a .  Fuel ce l l s  c o n t a i n i n g  Ni2B a n o d e s  wh ich  had been  
s i n t e r e d  a t  5OO0C d i d  n o t  a t t a i n  a v o l t a g e  greater t h a n  0.4V, w h i l e  
t h e  s a m p l e s  s i n t e r e d  at  400'C a t t a i n e d  a c e l l  v o l t a g e  o f  one  v o l t  
b u t  o n l y  v e r y  s l o w l y .  

Apparen t ly ,  t h e  a c t i v i t y  of t h e  e l e c t r o c a t a l y s t  w a s  more s e n s i -  
t i v e . t o  h e a t  t r e a t m e n t s  t h a n  would be e x p e c t e d  s i m p l y  from changes  
i n  s u r f a c e  area. A 3" x 3" anode, g e n e r a t i n g  a p p r o x i m a t e l y  10 m a / c m 2  
must have  at  least 1019 hydrogen atoms chemiso rb ing  a n d  r e a c t i n g  p e r  
s e c o n d .  The minimum c u r r e n t  i nvo lved  i n  t h e  v o l t m e t e r  r e a d i n g  of 1 
v o l t  w a s  a p p r o x i m a t e l y  amps, i . e . ,  1013 hydrogen  atoms r e a c t i n g  
p e r  s econd .  A c a t a l y s t - a n o d e  s i n t e r e d  a t  500'C a c h i e v e d  a n  open  
c i r c u i t  v o l t a g e  o f  o n l y  0 . 4  v o l t .  Assuming a p r o p o r t i o n a l i t y  be tween 
t h e  rate o f  r e a c t i o n  and  t h e  number o f  a c t i v e  sites, t h e r e  must have 
been  a d e c r e a s e  by a f a c t o r  o f  106 i n  t h e  number o f  a c t i v e  sites upon 
s i n t e r i n g  at 500'C. The s u r f a c e  area, however, w a s  decreased o n l y  by 
a f a c t o r  o f  f o u r .  

The sample  w a s  cooled t o  25OC and 

T h i s  c o n c l u s i o n  is also a p p a r e n t  from a compar i son  of the hydrogen 
c h e m i s o r p t i o n  a f t e r  s i n t e r i n g  a t  350'C w i t h  t h e  l o s s  o f  s u r f a c e  area. 
The c h e m i s o r p t i o n  o f  H2 w a s  r educed  t o  a n e g l i g a b l e  v a l u e  w h i l e  t h e  
s u r f a c e  area had d e c r e a s e d  by  a f a c t o r  of f o u r .  

Anode O x i d a t i o n  o f  H2 

N i c k e l  b o r i d e  w a s  s t u d i e d  a s . a  H anode  c a t a l y s t  i n  t w o  forms ,  
f i r s t  as the powder and  t h e n  s u p p o r t e i  on a po rous  n i c k e l  p l a q u e .  
The powder was p r e p a r e d  by combining  a b a s i c  s o l u t i o n  o f  5% KBH4 w i t h  
a d i l u t e  aqueous  s o l u t i o n  of a n i c k e l  s a l t ,  e .g . ;  n i c k e l  acetate.  A 
vo luminous  b l a c k  p r e c i p i t a t e  formed immedia te ly ,  and  w a s  accompanied 
by a r a p i d  e v o l u t i o n  o f  hydrogen g a s .  The d e t a i l s  of t h e  p r o c e d u r e  
are a l l  w e l l  documented ( 6 )  and  Ni2B is t h e  sole,  i n s o l u b l e ,  r e a c t i o n  
p r o d u c t .  A s  a check  on t h e  p rocedure ,  a sample  o f  t h i s  material was 
a n a l y z e d  and  shown t o  have a Ni/B atom ra t io  o f  2 .05 .  
e l e c t r o d e  w a s  formed by d e p o s i t i n g  Ni2B i n  t h e  v o i d s  of a porous  s i n ;  
t e r e d  n i c k e l  p l a q u e .  The s u b s t r a t e ,  commerc ia l ly  a v a i l a b l e ,  measured 
3" x 3" x 0.03". 

The p l aque -  

S i n c e  t h e  n i c k e l  b o r i d e  is a n  e l e c t r i c a l  c o n d u c t o r ,  i t  was p o s s i b l e  
t o  s t u d y  t h e  c a t a l y s t  d i r e c t l y ,  i . e . ,  i t  was n o t  n e c e s s a r y  t o  f i r s t  
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s u p p o r t  t h e  c a t a l y s t  on a c o n d u c t i n g  s u b s t r a t e .  The c a t a l y s t  was 
formed i n t o  a p l u g  and  p l a c e d  i n  t h e  c a t a l y s t  test  e l e c t r o d e  shown 
i n  F i g u r e  2 .  The f u e l  gas was passed  down t h e  metal  t u b e ,  t h r o u g h  
t h e  c a t a l y s t  p l u g  and  i n t o  t h e  v l f r e e "  e l e c t r o l y t e .  S tudy ing  t h e  
c a t a l y s t  i n  t h i s  f o r m  a l l e v i a t e d  many o f  t h e  problems i n v o l v e d  i n  
o p e r a t i n g  H2/02 f u e l  c e l l s ,  s u c h  as m a i n t a i n i n g  t h e  p r o p e r  m o i s t u r e  
b a l a n c e  i n  t h e  c e l l .  The t w o  e l e c t r o d e s  were "d r iven"  w i t h  t h e  
commutator (13) ,  hence  t h e  voltages measured  were I R  f r e e .  I n  s u c h  
a s y s t e m ,  Ha was consumed at t h e  anode and  water w a s  e l e c t r o l y z e d  a t  
t h e  a u x i l i a r y  e l e c t r o d e .  A s a t u r a t e d  calomel e l e c t r o d e ,  connec ted  
t o  t h e  c e l l  b y  a salt b r i d g e ,  w a s  used  as  t h e  r e f e r e n c e  e l e c t r o d e .  
The e n t i r e  c e l l  w a s  mounted i n  a c o n s t a n t  t e m p e r a t u r e  b a t h  m a i n t a i n e d  
at 8 O o C .  A t y p i c a l  v o l t a g e - c u r r e n t  c u r v e  o b t a i n e d  f o r  a Ni2B "plug" 
hydrogen  anode  is shown i n  F i g u r e  3. A c u r v e  r e c o r d e d  under  similar 
c o n d i t i o n s  f o r  1:l p a l l a d i u m  b l a c k - g r a p h i t e  mixture is i n c l u d e d  f o r  
compar i son  p u r p o s e s .  I t  is a p p a r e n t  t h a t  t he  n i c k e l  b o r i d e  anode is 
s u f f i c i e n t l y  a c t i v e  t o  s u p p o r t  h i g h  c u r r e n t  d e n s i t i e s ,  e . g . ,  260 m a / c m 2 .  
The p a l l a d i u m - g r a p h i t e  anode  is o n l y  0.04 v o l t  more n e g a t i v e  t h a n  t h e  
more economica l  n i c k e l  b o r i d e  e l e c t r o d e  a t  c u r r e n t  d e n s i t i e s  of 6 5  t o  
260 m a / c m 2 .  

A t e s t  electrode was t h e n  o p e r a t e d  a t  a c o n s t a n t  l o a d  o f  6 5  m a / c m 2  
and t he  anode  voltage r e c o r d e d  as a f u n c t i o n  of t i m e .  T h i s  d a t a  is 
summarized i n  F i g u r e  4 .  T h e r e  is a p p a r e n t l y  a small f a l l - o f f  i n  p e r -  
formance  o v e r  t h e  first 2 0 0  h o u r s ,  i . e . ,  from - 0 . 8 7 V  t o  - 0 . 8 3 V .  The 
v o l t a g e  t h e n  remained  c o n s t a n t  f o r  t h e  n e x t  700 h o u r s ,  at  which t i m e  
t h e  test was t e r m i n a t e d .  It is q u i t e  a p p a r e n t  from t h i s  data t h a t  
Ni2B is c a p a b l e  o f  e x t e n d e d  pe r fo rmance  as a hydrogen anode  c a t a l y s t .  

The Ni2B c a t a l y s t  w a s  t h e n  e v a l u a t e d  in comple t e  f u e l  c e l l s  of t h e  
c o n v e n t i o n a l  A l l i s - C h a l m e r s  d e s i g n ,  shown i n  F i g u r e  5. I t  w a s  p o s s i b l e  
t o  a p p l y  t h e  a c t i v e  powder d i r e c t l y  t o  the  s u r f a c e  o f  t h e  c a p i l l a r y  
membrane, a n d  a number o f  c e l l s  o f  t h i s  t y p e  were b u i l t .  S ince  t h i s  
p r o c e d u r e  is i n e f f i c i e n t  i n  t h e  u s e  o f  c a t a l y s t ,  it was d e s i r a b l e  t o  
employ a c a t a l y s t  s u p p o r t  t o  more e f f i c i e n t l y  d i s p e r s e  t h e  ca t a lys t  
across t h e  e l e c t r o d e .  As ment ioned  above ,  a porous ,  s i n t e r e d  n i c k e l  
p l a q u e  (3" x 3" x 0.03") w a s  u s e d  f o r  t h i s  pu rpose  w i t h  t h e  Ni2B 
c a t a l y s t  d e p o s i t e d  i n  t h e  p o r e s  o f  t h e  s u b s t r a t e .  A v o l t a g e - c u r r e n r  
c u r v e  o b t a i n e d  for  a f u e l  c e l l  employing  s u c h  a n  anode is shown i n  
F i g u r e  6. The c e l l  t e m p e r a t u r e  i n  t h i s  case w a s  7 8 O C .  I t  was pos-  
s ib le  to  s u p p o r t  a l o a d  of a p p r o x i m a t e l y  70 m a / c m 2  a t  a c e l l  v o l t a g e  
of 0 . 7 V .  Recent  improvements  i n  c e l l  and  e l e c t r o d e  d e s i g n  have i n -  
c r e a s e d  t h i s  pe r fo rmance  t o  100 m a / c m 2  @ 0 . 7 V .  

Extended  Per formance  T e s t s  

The f u e l  c e l l  d a t a  shown i n  F i g u r e  6 described t h e  i n i t i a l  p e r -  
formance  o f  t h e  c a t a l y s t  electrodes,  i . e . ,  t h e  v o l t a g e - c u r r e n t  c h a r -  
acterist ics o b t a i n e d  d u r i n g  t h e  f i rs t  d a y  or t w o  o f  o p e r a t i o n .  How- 
ever, f u e l  c e l l  e lectrodes g e n e r a l l y  do show some loss  i n  a c t i v i t y  
w i t h  t i m e  as  shown i n  F i g u r e  4 .  T h i s  effect  w a s  a l s o  s t u d i e d  w i t h  a 
f u e l  c e l l  of t h e  t y p e  shown i n  F igu re  5 employing  a n  anode  o f  Ni2B 
d e p o s i t e d  o n t o  a p o r o u s  n i c k e l  s u b s t r a t e .  The i n i t i a l  per formance  
w a s  e s s e n t i a l l y  t h a t  d e s c r i b e d  by t h e  v o l t a g e - c u r r e n t  c u r v e  o f  F igu re  
6. 
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B e f o r e  d i s c u s s i n g  t h e  e x t e n d e d  pe r fo rmance ,  d a t a ,  it is n e c e s s a r y  
t o  b r i e f l y  men t ion  t h e  s u b j e c t  of f u e l  cel l  " c o n t r o l s " .  The p r i n c i p a l  
problem,  common t o  a l l  H 2 /  O2 f u e l  ce l l s ,  c e n t e r s  a b o u t  m a i n t a i n i n g  
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the  p r o p e r  water b a l a n c e  i n  t h e  c e l l .  It is d e s i r a b l e  t o  wi thdraw 
from t h e  o p e r a t i n g  f u e l  c e l l  o n l y  t h a t  amount of water produced  by 
the  f u e l  c e l l  r e a c t i o n .  I f  a n  excess is removed, t h e  c e l l  w i l l  d r y  
o u t ;  i f  i n s u f f i c i e n t  water is removed, t h e  electrode w i l l  f l o o d  and/  
or the  e l e c t r o l y t e  w i l l  be d i l u t e d .  I n  b o t h  cases, t h e  e x t e n d e d  
pe r fo rmance  o f  t h e  %/02 f u e l  c e l l  would be a d v e r s e l y  a f f e c t e d .  

A h i g h  o p e r a t i n g  c u r r e n t  d e n s i t y  p r o v i d e s  f o r  a h i g h  r a t e  of 
water p r o d u c t i o n  and t h e  problem o f  m a i n t a i n i n g  t h e  p r o p e r  amount 
of water i n  t h e  ce l l  becomes more s e v e r e .  The l i f e  t e s t  on t h e  Ni2B 
hydrogen  anode was c a r r i e d  o u t  a t  a r e l a t i v e l y  l o w  c u r r e n t  d e n s i t y ,  
i . e . ,  3 2  m a / c m 2 .  A t  t h i s  l eve l ,  t h e  r a t e  o f  water p r o d u c t i o n  w a s  
d e t e r m i n e d  t o  be s u f f i c i e n t l y  l o w  so as n o t  t o  r e q u i r e  a n  i n v o l v e d  
water m o n i t o r i n g  s y s t e m .  The m o i s t u r e  i n  t h e  c e l l  w a s  c o n t r o l l e d  
e m p i r i c a l l y  by a d j u s t i n g  t h e  hydrogen f l o w  rate t o  e s t a b l i s h i n g  
e i t h e r  a w e t t i n g  or a d e s s i c a t i n g  c o n d i t i o n  as needed .  The v a r i a -  
t i o n  i n  cel l  v o l t a g e  w i t h  t i m e  is shown i n  F i g u r e  7 f o r  a c e l l  ope r -  
ated i n  t h i s  manner f o r  1 2 0 0  h o u r s .  T h e r e  does appea r  t o  be a small, 
g r a d u a l  f a l l - o f f  i n  c e l l  pe r fo rmance  w i t h  t i m e .  Comparing t h i s  d a t a  
w i t h  t h a t  o f  F i g u r e  4, most o f  t h e  f a l l - o f f  a f t e r  t h e  f i r s t  200 h o u r s  
must  be a s c r i b e d  t o  problems of ce l l  c o n t r o l .  N e v e r t h e l e s s ,  t h i s  d a t a  
is s u f f i c i e n t  t o  e s t a b l i s h  t h e  p o i n t  t h a t  i t  is p o s s i b l e  t o  c o n s t r u c t  
large n i c k e l  b o r i d e  c a t a l y s t - e l e c t r o d e s  which  are c a p a b l e  o f  e x t e n d e d  
o p e r a t i o n  as hydrogen  a n o d e s .  

The data p r e s e n t e d  w a s  t a k e n  w i t h  3" x 3" electrodes. No d i f -  
f i c u l t y  h a s  been e x p e r i e n c e d  i n  a d a p t i n g  t h e  p r e p e r a t i v e  p r o c e d u r e s  
t o  6" x 4" n i c k e l  b o r i d e  c a t a l y s t - a n o d e s .  The u s e  o f  e l e c t r o d e s  o f  
t h i s  s ize  i n  t h e  hydraz ine /oxygen f u e l  c e l l  h a s  a l r e a d y  been d e s c r i b e d  
(4 ) .  
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Figure 1 - The variation in surface area with temperature of sintering. 
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Figure 2 - Catalyst test electrode. 
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Figure 3 - The anodic oxidation of hydrogen by nickel 
boride and by palladium black. 
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Figure 4 - Extended operation of a nickel boride 
hydrogen electrode. 
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OVERALL REACTION 
H2+ !$02- Ha0 

Figure 5 - Allis-Chalmers H2/02  capillary membrane fuel ce l l .  
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Figure 6 - Voltage - Current characteristics of a H2/02  
fuel cell  employing a Ni2B anode. 


